
© 2016 PP House

G a l l e
y  

P r o o f

Interaction Reaction Between Different Sowing Date and Weed Management Methods in 
Drum-Seeded Boro Rice (Oryza sativa L.)

P. S. Bera, S. Bandyopadhyay*, C. K. Kundu, P. Bandopadhyay and B. Pramanick

Dept. of Agronomy, Faculty of Agriculture, B.C.K.V., Mohanpur Nadia, W.B. (741 252), India

*E-mail: sahuji.ag@gmail.com

AbstractArt ic le  History

Correspondence to 

Keywords

Manuscript No. AR1507
Received in 23rd December, 2015 
Received in revised form 4th April, 2016 
Accepted in final form 5th April, 2016

A field experiment was conducted during boro seasons of 2004-05 and 2005-06 to find 
out the effects of four different date of sowing and three non-chemical weed control 
methods and also their interaction effects on weed flora, yield and economics of drum 
seeded bororice at BCKV, Mohanpur, Nadia, West Bengal, India in a split plot design. 
The sowing of rice was done under puddled condition by using drum-seeder, which 
is an upgraded device for rice sowing. Sowing of rice on 15th December produced 
minimum weed density and biomass at both of the observations, maximum % of 
effective tillersand B:C ratiocompared to other dates of sowing. Though the highest 
grain (5.19 t ha-1) and straw (5.65 t ha-1) yields obtained from 1st December sowing, 
but itwas closely followed by 15th December sowing. Amongst non-chemical weed 
control methods, hand-weeding gave lowest weed population and dry matter m-2 at 
30 and 60 DAS, which were statistically comparable with mechanical-weeding with 
Japanese paddy weeder. On the other hand, mechanical-weeding produced highest grain 
and straw yield as well as B:C ratio. In case of interaction effects of the treatments, 
15th December sowing coupled with hand weeding gave minimum weed population 
m-2 followed by 1st December sowing with hand weeding treatments at both 30 and 
60 DAS. Sowing of drum-seeded rice on 1st December along with weeding by using 
Japanese Paddy Weeder produced higher grain yields (6.07 t ha-1), net return (` 29265) 
and B:C ratio (1.41) ascompared to other treatment combinations under the experiment.

Boro Rice, drum-seeding, sowing date, 
weed, interaction

1.  Introduction

Rice (Oryza sativa L.) is the leading cereal of the world (Ashraf 
et al., 2006), and more than half of the human race depend on 
rice for their daily sustenance (Chauhan and Johnson, 2011). 
It is the primary source of income and employment for more 
than 100 million households in Asia and Africa (FAO, 2004). 
World’s rice demand is projected to increase by 25% from 
2001 to 2025 to keep pace with population growth (Maclean 
et al., 2002). To meet increasing rice demand in a sustainable 
way with shrinking natural resources is a great challenge. In 
recent years,traditional transplanting of rice in many Asian 
countries, including India, is being replacedby direct seeding 
because of higher transplanting cost. This method of sowing 
can be done by drilling the seeds in line eithermanually or 
with the use of simple plastic made implement known as drum 
seeder (Balasubramanian et al., 2003), which reduces labour 
requirement, improves emergence of seeds, and reduces 
lodging to less than 10% (Bakker et al., 2002). Weeds are 
the greatest yield-limiting constraint to rice among various 

factors. In tropic, average rice yield losses due to weeds is 
35% (Oerke and Dehne, 2004). According to Mamun et al., 
1993, weed growth reduced the grain yield by 68-100% for 
DSR, 22-36% for modern ‘boro’ rice. To manage the weed 
problem; different weed control options are available for rice. 
In our country, use of herbicide is the most effective, economic 
and practical way of weed management (Marwat et al., 2006; 
Hussain et al., 2008; Anwar et al., 2012) but intensive use 
of herbicides may result in development of resistant weed 
biotypes (Heap, 2006), crop phytotoxicity (Begum et al., 
2008), environment pollution and public health hazard 
(Phuong et al., 2005). Among different non-chemical weed 
management practice; though hand-weeding is most important 
method for weed removal in rice but because of scarcity of 
agricultural workers, hand-weeding is not economicalnow 
(Farooq et al., 2011) as it is very expensivewith rise of wage 
rate (Roder and Keobulapha, 1997). Other problems include 
delayed weeding due to unavailability of labor, damage to 
the rice seedlings and mistaken removal of rice seedlings 
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(Moody and Cordova 1985). As such, mechanical method of 
weeding could be a good alternative of hand weeding and 
those agronomic tools help to increase competitive ability of 
crop against weeds (Liebman et al., 2001), and at the same 
time are eco-friendly towards the environment and economic. 
The time of sowing have noticeable impact on weed intensity, 
crop growth and probably yield also. Seeding of rice at the 
optimum time is veryimportant for obtaining high yield and 
good quality kernels (Chauhan, 2012). The decreasing trend 
in the grain yield due to delayed seeding might be associated 
with significantly lower number of panicles m-1, less number 
of filled grains panicle-1 and low grain weight (Mishri and 
Kailash, 2005). So the method of crop establishment, sowing 
time and method of weed management has a great impact on 
boro rice cultivation to ensure maximum return. Keeping the 
above in mind the present experiment were undertaken to 
study the effect of time of sowing and non-chemical weed 
management practices on drum seeded boro rice which 
may helps to the farmers to make the decision of sowing 
time and weed management method under a improved crop 
establishment methodto ensure maximum return.

2.  Materials and Methods

The field experiment was conducted during boro seasons 
of 2004-05 and 2005-06 at the Instructional Farm, Bidhan 
Chandra Krishi Viswavidyalaya, Mohanpur, Nadia, West 
Bengal, geographically situated at 22°93΄ N latitude and 
88°53΄ E longitude with an elevation of 9.75 m above Mean 
Sea Level. The experiment were conducted on the same 
location with a fixed lay-out plan in both the years. The soil 
of the experimental site was sandy clay loam in texture with 
pH value of 6.8 and it falls in the new alluvial zone with 
medium fertility status having 0.63% organic C, 0.056% total 
N, 18.35 kg ha-1 available P and 135.45 kg ha-1 available K. 
The maximum and minimum temperature ranges during the 
period of experimentation were 24.16-35.68 °C and 11.06-
25.31 °C respectively with the average rainfall of 221.53 
mm for both of the years. The experiment was conducted 
in a split plot design, comprised of 4 different dates of 
sowing viz. 1st December, 15th December, 30th December 
and 14th January) as main plot treatments and three non-
chemical weed management practices viz. Unweeded check 
as a control, Hand weeding and Weeding by using Japanese 
Paddy Weeder in sub-plot treatments and was replicated 
thrice. Therefore total twelve treatment combinations were 
tested to find out interaction effect between different time 
of crop establishment and non-chemical weed management 
practices.The rice variety IET-4786 (Satabdi) was used in the 
experiment. The experimental field was ploughed twice with 
the help of power tiller before the wetting of the field. Again 
the field was ploughed twice under standing water by power 
tiller to make the land well puddled and levelled. Before final 

land preparation, weeds and previous crop stubbles were 
removed from the field. One ploughing followed by laddering 
was done just before sowing of the crop. The size of the 
individual plot was 5×4 m2. Fertilizer dose applied in the field 
was 120 kg nitrogen (N), 60 kg P2O5 (P) and 40 kg K2O (K) 
in the form of urea, single super phosphate and muriate of 
potash respectively. Half dose of nitrogen (N) and full dose 
of phosphate (P) and potassium (K) were applied as basal 
just before each sowing and rest nitrogen was top dressed 
in two equal split doses viz. 20 and 40 days after sowing. 
The sun-dried seeds were soaked in clean water for about 
24 hours followed by incubation for 2-3 days depending on 
temperature. Just-sprouted seeds were sown by the drum-
seeder on well prepared puddled field in rows. One pre-
sowing and thereafter irrigation was given as per requirement 
of the crop. Weeds were controlled through non-chemical 
methods i.e. hand weeding/manual weeding and weeding by 
Japanese paddy weeder/mechanical weeding in between the 
crop row as per treatment. No plant protection measure was 
taken as because disease and insect pest were below threshold 
level (BTL). All the treatments were randomly allocated to 
different plots in each replication. Data on weed dynamics 
(density and dry matter weight) were taken at 30 and 60 
days after sowing (DAS) by placing a 0.5×0.5 m2 quadrat 
randomly at two locations in each plot. Weed density was 
measured category wise, i.e., grass, sedge and broad-leaf. The 
weed biomass was recorded after drying in an oven at 70 °C 
for 48 hours. Harvesting was done by using sickle and then 
the harvested crop was left as such in the field for 1-2 days 
for sun-drying. The threshing was done separately for each 
plot by paddy thresher. After cleaning and sun drying the data 
on grain and straw yield were recorded. All other agronomic 
practices, except treatment requirements, were done as and 
when necessary for the crop. Cost of various inputs and crop 
management practices in producing the crops including the 
treatment cost and the price of the produce estimated as per 
available market price. Cost of cultivation, value of produce, 
net return and benefit: Cost ratios of the crop for various 
treatments calculated thereafter.The standard error of mean 
[SEm±] and critical difference (CD) values at p=0.05 were 
used to determine the significance difference between the 
mean values.

3.  Results and Discussion

3.1. Effectof treatments on weed 
Different weed flora of the experimental site comprised 
of Echinochloa colona, Echinochloa crusgalli, Cynodon 
dactylon and Leersia hexandra among the grasses; Cyperus 
iria, Cyperus difformis, Cyperus rotundus and Fimbristylis 
miliacea in sedges and Ludwigia parviflora, Eclipta alba, 
Ammania baccifera, Marsilea quadrifoliata and Commelina 
benghalensis among broad leaf weeds. The results from the 
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Table 1 suggested that total weed density (grass, broad leaf 
and sedge) were significantly influenced by sowing time 
and weed management practices. Among the different date 
of sowing, maximum weed density m-2 were recorded at 30 

(33.30 m-2) and 60 DAS (42.20 m-2) when rice were sown 
late i.e. on 30th December compared with other sowing time.
Further, sowing on 14th January recorded significantly higher 
weed population m-2 than 1st and 15th December sowing, 

but lower than  30th December sowing. Though sowing on 
1st December and 15th December was statistically at per at 
both 30 and 60 DAS, but sowing on 15th December gave the 
lowest (27.46 m-2) weed count. Weed density is influenced by 
seeding time as more weed density (51 to 59 plants m-2) was 
recorded when rice was seeded late compared to early seeding 
(Mubeen et al., 2014). All weed management treatments 
were effective for reducing weed density over non treated 
control at 30 and 60 DAS. Hand-weeding treatment gave the 
lowest weed density at 30 and 60 DAS (17.23 m-2 and 23.45 
m-2 respectively) compared with other weed management 
practices. Weeding by Japanese Paddy Weeder were second 
best treatment and it was comparable with weeding by 
Japanese Paddy Weeder treatment at both 30 and 60 DAS.
The same trends were observed in case of total weed dry 
matter i.e. altogether of grasses, broad leaves and sedges m-2. 

3.2.  Interaction effect of the treatments on weed

Significant interaction effects between different dates of 
sowing and non-chemical weed management methods were 
observed regarding total weed population and weed biomass 
at both the observations (30 and 60 DAS). The maximum 
weed population m-2 (56.46 and 113.58 m-2 at 30 and 60 DAS 
respectively) was obtained from the control plot of weed 
management method (un-weeded check) of 30th December 
sowing (D3W1)  at both of the observations. Similarly highest 
total weed dry matters were recorded from the un-weeded 
weed management treatment of 30th December sowing date 
(D3W1) at 30 DAS (48.99 g m-2) and 14th January sowing date 
(D4W1) at 60 DAS (56.50 g m-2). Significantly lowest weed 
populations were observed on 15th December sowing with hand 
weeding (D2W2) treatment combinations at all observations 
(30 and 60 DAS) followed by sowing on 1st December with 

Table 1: Effect of treatments on total weed population, total weed dry matter, yield components and economics of drum-
seeded boro rice  (Pooled data of two years)
Trts. Total weed 

popu-
lation

m-2

Total  
Weed  dry  

matter 
 (g m-2)

No. of  
tillers 

m-2

No. of 
effe-
ctive 
tillers 

m-2

No. of
filled 
grains
pani-
cle-1

Grain 
Yield 

(t 
ha-1)

Straw 
Yield 

(t 
ha-1)

Cost 
of 

culti-
vation

(` 
ha-1)

Treat-
ment 
cost
(`

ha-1)

Gross 
return

(` 
ha-1)

Net 
profit (` 

ha-1)

B:C
ratio

30 
DAS

60 
DAS

30 
DAS

60
 DAS

Date  of  Sowing
D1 28.15 35.36 18.30 22.73 346.41 308.16 74.91 5.19 5.65 20131 2166 42116 21985 0.97
D2 27.46 34.61 18.28 22.43 326.04 301.65 74.80 5.07 5.41 20131 2166 41333 21201 1.03
D3 33.30 42.20 21.30 24.42 237.06 213.31 59.61 2.84 3.29 20131 2166 22740 7825 0.36
D4 32.69 42.15 20.62 23.67 236.74 215.46 68.20 3.32 3.68 20131 2166 26546 19245 0.89
SEm 
±

0.16 0.19 0.04 0.11 2.89 1.11 0.22 0.02 0.02 - - - - -

CD 0.69 0.83 0.19 0.48 13.05 5.01 1.00 0.11 0.09 - - - - -
Method  of  weed  management
W1 54.68 66.08 46.96 55.09 233.06 202.22 60.94 2.75 3.24 17965 - 22020 16220 0.23
W2 17.23 23.45 6.04 7.58 307.04 284.89 73.47 4.71 5.09 21865 3900 38277 16412 0.75
W3 19.88 26.21 6.26 7.87 319.57 291.82 73.74 4.85 5.19 20565 2600 39255 18690 0.91
SEm
 (±)

0.93 0.94 0.06 0.09 2.93 1.09 0.18 0.01 0.01 - - - - -

CD 2.81 2.83 0.17 0.29 8.81 3.29 0.54 0.03 0.03 - - - - -
DAS: Days  after  Sowing;  DAT: Days  after  Transplanting;  D1: 1

st  December;  D2: 15th December;  D3: 30th  December;  
D4: 14th January;  W1: Unweeded  check;  W2: Hand weeding; W3: Weeding  by  Japanese  Paddy  Weeder; *p=0.05
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hand weeding (D1W2), which was statistically comparable 
with 15th December sowing with Japanese Paddy Weeder 
weeding. Lowest total weed dry weights were recorded 
from 1st December sowing with hand weeding (D1W2) at 
30 days after sowing (5.20 g m-2) and 14th January sowing 
with hand weeding treatment combination (D1W2) at 60 days 
after sowing (7.12 g m-2), which were closely followed by 
15th December sowing with hand weeding (D2W2) treatment 
combinations (5.25 and 7.24 g m-2 respectively). Irrespective 
of weed management methods, increasing trend of weed 
population and dry weight were observed with delayed 
sowing date. Jadhav, 2013, reported that delay in sowing 
results in slow growth of crop and increased infestation of 
competing weeds.

3.1.1.  Effect of treatments on yield and yield attributes
Among the different date of sowing, 1st December sowing 
produced the highest number of tillers, effective tillers and 
filled grains panicle-1 (346.41, 308.16 and 74.91 respectively) 
followed by 30th December sowing date. The minimum 
number of tillers (236.74 m-2) was recorded from 14th January 
sowing. 30th December sowing date produced the lowest 
number of effective tillers and filled grains panicle-1 (213.31 
and 59.61 respectively). In case of weed management 
practices, mechanical weeding with Japanese Paddy Weeder 
showed the superiority over hand weeding method and 
produced the highest number of tillers and effective tillers m-2 

and filled grains panicle-1. Early sowing time (1st December) 
resulted higher grain yield compared to the sowing on second 
week of January (Table 1). The grain yield improved with 
weed management treatments and there was a variation for 
grain yield among non-chemical weed control treatments. 
Compared to non-treated control, all weed management 
treatments resulted 41.61 to 43.29% higher grain yields may 
be due to the less crop weed competition at different growth 
stages of crop. Among different date of sowing highest grain 
yield (5.19 t ha-1) was obtained from 1st December sowing, 
which was almost statistically equal with sowing on 15th 
December. The highest grain yield (4.85 t ha-1) was recorded 
from the treatment of weeding with Japanese Paddy Weeder 
followed by hand weedingtreatment. The same trendsof data 
were observed in case of straw yield.

3.1.2.  Interaction effect of the treatments on yield and yield 
attributes
From the data presented in the Table 2, it is found that 1st 
December sowing and hand weeding (D1W2) combination 
produced significantly highest number ofeffective tillers 
m-2 (382.61), which was statistically at par (377.32) with 
weeding by Japanese paddy weeder treatment combination 
(D1W3). Same trend was observed in number of effective 
tillers m-2 (345.32) at 1st December sowing, where Japanese 

paddy weeder treatment combination showed the superiority 
over hand weeding treatment combination. Highest number 
of filled grains panicle-1 (79.73) was obtained from sowing 
on 1st December and Japanese paddy weeder weeding 
combination (D1W3), which was also at par (78.17) with hand 
weeding treatment combination (D1W2) at the same date of 
sowing and sowing on 15th December with hand weeding 
treatment combination (D2W2). On the other hand, sowing 
on 30th December with unweeded treatment combination 
(D3W1) gave significantly lowest number of filled grains 
panicle-1 (53.62). From the presented data it is also observed 
that 1st December sowing with Japanese paddy weeder 
weeding (D1W3)combination recorded significantly highest 
grainyield (6.07 t ha-1) and statistically at par (6.06 t ha-

1) with 15th December sowing and Japanese paddy weeder 
weeding combination (D2W3). Maximum straw yield (6.48 
t ha-1) obtained from 1st December sowing with Japanese 
paddy weeder weeding (D1W3) combination. The lowest 
grain (2.02 t ha-1) and straw yield (2.46 t ha-1) was obtained 
from 30th December sowing along with un-weeded treatment 
combination (D3W1).

3.1.1.1.   Effect of the treatments on economics

There were no differences in cost of cultivation and treatment 
cost between the treatments of different time of sowing. 
But in case of weed management treatments, hand weeding 
treatment required maximum cost (` 3900 ha-1) than other 
treatments. Though the maximum gross return and net profit 
(` 42116.67 and 21985 ha-1 respectively) came from the 1st 
December sowing which were followed by 15th December 
sowing, but highest B:C ratio (1.03) was obtained from 15th 

December sowing date. Among different weed management 
treatments, weeding by Japanese paddy weeder gave the 
maximum gross return, net profit and B:C ratio (` 39255, 
18690 and 0.91 ha-1 respectively). 

3.1.1.2.  Interaction effect of the treatments on economics

From the Table 3, it is clear that among different treatment 
combinations, cost of cultivation and treatment cost varied 
with different weed management practices where there were 
no variations in between different date of sowing. Highest 
gross return, net profit and B:C ratio (` 49830, ` 29,265 ha-1 

and 1.41 ha-1 respectively) were obtained from 1st December 
sown boro rice coupled with Japanese paddy weeder weeding 
(D1W3) followed by 15th December sowing combined with 
weeding by Japanese paddy weeder (D2W3) may be due to 
the minimise of weed problem and maximise the crop growth 
and yield. The lowest gross return, net profit and also B:C 
ratio recorder from the 30th December sowing with no weed 
management (D3W1) followed by 14th January sowing with 
no weed management (D3W1) treatment combinations, which 
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Table 2: Interaction effect of different treatments on yield, yield components and economics of drum-seeded boro rice (Pooled 
data of two years)
Treat-
ments
combi-
nations

Total Weed 
population

m-2

Total Weed 
dry matter

(g m-2)

No. of  
tillers

m-2

No. of 
effec-
tive 

tillers 
m-2

No. of
filled 
grains
pani-
cle-1

G.Y.
(t 

ha-1)

S.Y.
(t ha-1)

Cost of 
culti-
vation
(` ha-1)

Treat-
ment 
cost

(` ha-1)

Gross 
return 
(` ha-1)

Net 
profit 

(` 
ha-1)

B:C
ratio

30 
DAS

60 
DAS

30 
DAS

60 
DAS

D1W1 49.85 95.69 44.37 53.25 279.29 238.64 66.81 3.51 4.05 17965 - 27950 9985 0.56
D2W1 50.42 96.49 45.75 54.75 255.48 228.67 65.99 3.32 3.82 17965 - 27300 9335 0.52
D3 W1 59.46 113.58 48.99 55.81 200.15 171.75 53.62 2.02 2.46 17965 - 16280 -1685 -0.09
D4W1 59.01 112.76 48.75 56.50 197.30 169.83 57.31 2.15 2.62 17965 - 16550 -1415 -0.08
D1W2 15.9 29.1 5.20 7.37 382.61 342.99 78.17 5.95 6.41 21865 3900 48570 26705 1.22
D2W2 14.69 26.9 5.25 7.24 349.50 330.97 79.12 5.83 6.19 21865 3900 47440 25575 1.17
D3W2 18.86 34.61 7.35 8.59 253.12 231.27 63.04 3.22 3.62 21865 3900 25750 3885 0.18
D4W2 19.49 35.6 6.38 7.12 242.90 231.30 73.53 3.84 4.16 21865 3900 31350 9485 0.43
D1W3 18.69 34.25 5.33 7.58 377.32 342.85 79.73 6.07 6.48 20565 2600 49830 29265 1.41
D2W3 17.3 31.71 5.35 7.41 373.02 345.32 79.30 6.06 6.21 20565 2600 49260 28695 1.4
D3W3 20.98 38.35 7.56 8.81 257.90 236.89 62.18 3.27 3.78 20565 2600 26190 5625 0.27
D4W3 22.57 41.38 6.75 7.41 270.02 236.24 73.75 3.98 4.27 20565 2600 31740 11175 0.54
#SEm± 0.43 0.47 0.12 0.20 5.87 2.19 0.36 0.02 0.02 - - - - -
##SEm± 0.39 0.45 0.12 0.19 5.68 2.09 0.38 0.02 0.02 - - - - -
$CD 1.29 1.41 0.36 0.59 17.61 6.57 1.08 0.06 0.06 - - - - -
$$CD 1.17 1.35 0.36 0.57 17.03 6.28 1.14 0.06 0.06 - - - - -
D1: 1

st December; D2: 15th December; D3: 30th December; D4: 14th January; W1: Unweeded check; W2: Hand weeding; W3: 
Weeding by Japanese Paddy Weeder; D×W: Date of sowing×Weeding method; W×D: Weeding method×Date of sowing; 
*Price rate of rice grain=` 700.00 q-1;  Price rate of rice straw=` 100.00 q-1; # D×W; ## W×D; $D×W; $$W×D (p=0.05)

indicates that there were a positive impact of delayed in 
sowing time and weed management practice on weed, crop 
growth and yield as well as on economy of the drum seeded 
boro rice.

4.  Conclusion

Sowing of boro riceby using the drum seeder during first 
fortnight of December along with non-chemical weed 
management practice by using Japanese paddy weeder could 
give the satisfactory yield and economic return to the farmers. 
This combined management practicemay be recommended 
for the boro rice farmers.
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